We report a hybrid system, fabricated from nanostructured lipid particles and 1 polysaccharide based hydrogel, for sustained release applications. Lipid particles were 2 prepared by kinetically stabilizing self-assembled lipid nanostructures whereas the hydrogel 3 was obtained by dissolving kappa-carrageenan (KC) in water. The drug was incorporated in 4 native as well as lipid particles loaded hydrogels, which upon dehydration formed thin 5 films. The kinetics of drug release from these films was monitored by UV-Vis spectroscopy 6 while the films were characterized by Fourier Transform Infra-Red (FTIR) spectroscopy 7 and small angle x-ray scattering techniques. Pre-encapsulation of a drug into lipid particles 8 is demonstrably advantageous in certain ways; for instance, direct interactions between KC 9 and drug molecules are prohibited due to the mediation of hydrophobic forces generated by 10 lipid tails. Rapid diffusion of small drug molecules from porous hydrogel network is 11 interrupted by their encapsulation into rather large sized lipid particles. The drug release 12 from the lipid-hydrogel matrix was sustained by an order of magnitude timescale with 13 respect to the release from native hydrogel films. These studies form a strong platform for reverse micellar phases (Kulkarni, 2012) . Advantages of dispersed lipid particles with 10 respect to their bulk (equilibrium phases) counterparts involve much lower viscosity, ability 11 to withstand extremely high levels of dilutions, easier to manipulate and availability of much and DNA. Therefore they are being widely explored for controlled delivery applications The concept was further extended towards formation of dry films (Kulkarni et al., 2011 ).
5
Nanostructured lipid particles could be retrieved back upon rehydration and re-dissolution of 6 gel films. Important properties of lipid particles-the size and the nanostructure were 7 preserved consequent to the above hysteresis (Kulkarni et al., 2011) . We have employed this 8 approach to develop a hybrid system for drug delivery. The hybrid system was formulated 9 by loading the drug in the dispersion of nanostructured lipid particles and mixing it with the 10 hydrogel; the mixture was then poured in custom made moulds and dehydrated to form drug 11 loaded film. 
The hydrogel used to formulate hybrid system was prepared from kappa (κ)-carrageenan 6 (KC). It is a high molecular weight anionic sulphated linear polysaccharide of D-galactose 7 and 3,6-anhydro D-galactose (Fig. 1a) originated from red seaweed of the Rhodophyceae 
10
Although the gel formed from mere 2 % KC is rather stiff (storage modulus G' ~10 4 Pa, to form dried films (Fig. 1b) . These dehydrated films not only protect the drug in its native 24 form but also release it in an efficient and sustained manner. Aldrich, UK. It is a salicylate drug (Fig. 1b) used mainly as analgesic and antipyretic agent.
13
All the chemicals were used as received without any further purification. DU was stored 14 below 4 °C whereas the other materials were kept at room temperature. Water used during 15 entire study was purified using Barnstead Nanopure, Thermoscientific (USA). 
Preparation and Loading of Nanostructured Lipid Particles Nanostructured lipid particles

17
were prepared according to the published method using slightly different compositions and 
UV-Vis Spectroscopy
11
UV-Visible spectroscopy (UV-3600, Shimadzu, UV-Vis NIR Spectrophotometer, Japan) 12 was used to monitor drug release from drug loaded films in pure water. Using 4 ml quartz 
Small Angle X-ray Scattering
17
Small angle x-ray scattering measurements (1.2-10 degrees) on dehydrated samples and dry 18 films were performed using D2 Phaser (Bruker Instruments, UK). Typical settings of 0.1 19 mm slit and 0.1 mm knife edge distance were used to acquire 1-dimensionsal data
20
(integrated using DIFFRAC.SUITE over intensity) with LYNXEYE TM detector.
21
Measurements were performed at room temperature (20 °C). Typical measurements of 20 22 minutes were sufficient to produce useful data. 
Preparation of Hydrogel Films for Drug Delivery
12
Molten hydrogels (see section 2.3 for more details) were poured into custom designed (in-13 house) moulds (Fig. 2a) carefully immersed in pure water (at the bottom of 4 ml quartz cuvette). UV-Vis 6 measurements were started immediately (Fig. 2b ) and spectra were collected at regular 7 intervals at room temperature. (Fig. 3a) . The transparency is partly lost due to scattering from large lipid particles. The 
Drug Protection by Nanostructured Lipid Particles
20
The Fourier Transform Infra-Red (FTIR) spectrum for drug-aspirin (red curve in Fig. 4 
9
An examination of the drug loaded KC film spectrum (Fig. 4) reveals that it is practically However, the acquisition of a slight pinkish hue and detectable UV-Vis signals during 8 release studies imply that drug was successfully entrapped in the KC film. Physico-chemical interactions between drug and KC network were also apparent from the 10 UV-Vis studies. The reference UV-Vis spectrum of aspirin showed distinct peaks at 225 nm 11 and 275 nm (SI Fig. SI3 ) whereas these peaks were shifted to higher wavelengths in case of 12 released aspirin from native and lipid particles-loaded hydrogel films (see SI Fig. SI3 ). The 13 peak-shifts could be attributed to the chromophoric interactions between functional groups 14 of the components. However, these aspects were not studied in much depth here as the focus 15 of the current report is towards introducing a hybrid drug carrier system and establishing a 16 method to produce prototype for drug delivery applications.
17
In case of drug+lipid particles loaded KC films, a small acid/ester stretch at 1727 cm -1 , an 18 alkyl C-H stretches at 2854 cm -1 and 2915 cm -1 and a broad alcohol stretch at 3363 cm (indicated by * sign in Fig. 4) . Here, the drug was preloaded into lipid particles followed by 
9
Individual curves represent a different set of experiments performed under same conditions. Noisy curves after initial 10 peak (after 700-800 min) could be due to possible disintegration of films to release nanostructured lipid particles 11 passing randomly across the beam.
12
Drug Release from Semi-dried Films
13
Films dried for 24-30 hrs in humid atmosphere were rather soft and more hydrated than wavelength was determined by Gaussian fit to the broad peak around 255-320 nm. Although the drug release curves obtained for semi-dried and fully dried films virtually 5 followed same patterns, their absolute times differed by a few hrs (Figs. 5 and 6 ). Semi-dried 6 films disintegrated about 900 min faster than fully dried ones, which was also the case for 7 rapid drug release prior to this step. 6. These attributes along with FTIR results (section 2.3) convincingly prove that the 24 efficiency of drug release from hybrid system was higher than in pure system, presumably 1 because some of the drug seized by KC and drug interactions (in native films) was free to be 2 released from the hybrid system due to lipid intervention. In late stages of dissolution, the 3 hydrogel network plausibly becomes sparse enough to discharge the entrapped lipid particles 4 leading to the noisy data after 2050 min (Region D in Fig 6) . However, noticeable 5 disintegration of the film was only captured on camera at 2520 min (Fig 6c) . 
Conclusions 7
We have presented a novel application of lipid particles-loaded hydrogel films in the field of 8 drug delivery. As the main aim of the current work was to demonstrate the applicability of 9 the lipid-hydrogel films, we did not emphasize on the structural form and activity of the drug 10 in this system. However, it is clear that the encapsulation of drug molecules in lipid particles 11 is advantageous, in many ways. For instance, the drug release timescale was prolonged by 12 almost an order of magnitude as compared to the release from KC films; in addition, it was 13 released in more efficient manner (more drug was released). Furthermore, lipid particles 14 practically improve the stability of the drug which appears to have lost due to possible 15 bonding with KC network in native films. We were able to recognize the physical processes 
